The aim of this work was to evaluate the sunflower stalk (SS) as an adsorbent in the removal of red acid 114 (AR 114) and basic blue 3 (BB 3) in aqueous solutions, without any physicochemical treatment, where temperature and concentration were the studied variables. The research was developed by using the batch processing mode; the contact time was one hour, with constant agitation of 200 rpm and pH of 7000 ± 0.050, using a central composite design. The adsorbent was characterized through BET, SEM, acid sites and basic sites, charging point, and infrared. The results indicated that the sunflower stalk was a viable and economical alternative for the removal of water that had been contaminated by dyes, showing a better performance for the AR 114 dye, reaching a 71.96% of removal with respect to the initial load. In addition, the EPI Web software was used to model the environmental performance of colorants.
Introduction
The consumption of dyes in the textile industry presents a great challenge at the environmental level, since it is estimated that 10% of this total ends up in spills, and depending on the type of dye, it may report even higher percentages. Currently, the producers and users of this industry are interested in the stability and the solidity of the dyes, leading to the continuous production of compounds that are more difficult to degrade after their use [1] . Dyes are compounds that, when applied to a substrate, they confer a more or less permanent color; they are applied in solution or dispersion and the substrate must have some affinity for biosorption [2] ; furthermore, it must be soluble in the medium of application, usually water, at some point during the coloration process [3] . The treatment of textile fibers with dyes generates an environmental problem that is associated with the presence in the waste water, due to the amounts of dyes that do not fix to the fiber, since the degree of fixation is determined by the textile materials, which normally is in the range of 60% -80% [4] , and even 50% [5] . There is a wide range of dyes: reactive, direct, vat, sulphur, and azoic, and these are classified according to their chemical composition, fabric to be dyed, and degree of fixation, among others [6] .
Toxicity studies that have been performed in laboratory mice reveal that the ingestion of textile wastewater causes alterations in the reproductive system and reduces mobility [7] ; these effluents have also shown high toxicity through bioassays with Daphnia magna [8] , and accumulation of these products in the gills, liver, pancreas and muscle of the rainbow trout "Salmo gairdneri" [9] . The presence of dyes in water bodies reduces the passage of sunlight, which can generate imbalance in aquatic ecosystems and cause unpleasant visual effects in natural landscaping [10] .
In order to reduce the problems mentioned before, textile effluents must undergo purification processes before being discharged into natural water bodies.
There are several methods for the removal of dyes, and they can be divided into three categories: chemical, physical and biological [11] . The advantages and disadvantages of the previously described methods are shown in Table 1 , among them there are five main methods used for the treatment of these contaminated waters: adsorption, oxidation-ozonation, biological treatment, coagulation-flocculation, and membrane separation processes [12] [13] [14] . Due to its high cost and the elimination problems, many of these conventional methods have not been widely applied in the textile industry [15] .
In adsorption, activated carbon is utilized as adsorbent, and its use is often limited due to its high cost [16] , however, the adsorption technique stands out from the other removal techniques because it is less expensive compared to other methods, simpler, and is able to effectively treat dyes in a more concentrated form [17] . Consequently, a field of research has been opened in recent years, which looking for to evaluate, propose, and solve environmental problems, not only for the treatment of waste water, but also in the best utilization of vegetable waste, materials that have little or no economic value [18] . The sunflower stem is an agricultural residue, resulting from the crops that are destined to the production of oleaginous seeds for the production of vegetal oil. In Colombia, a production of 18 thousand tons of refined sunflower oil was reported for 2001 [19] , which is why it becomes an alternative to more expensive processes in the treatment of wastewater. There are a new research using materials carbonaceous materials as adsorbent prepared from sunflower stem for removal of heavy metals and other polluting substances [20] [21] [22] . The objective of this study was to evaluate the potential of the sunflower stalk (SS) for the elimination of AR 114 and BB 3, by varying temperature and concentration in the aqueous solution. These colorants are used, as probe molecules, Journal of Water Resource and Protection in this research due they are used in Colombian textile factories an important field in the Colombian industry and economy.
Materials and Methods

Adsorbate
The dyes AR 114 and BB 3 were supplied by CECOLOR Ltd., used as adsorbate.
The characteristics of the dyes are listed in Table 2 .
Distilled and deionized water was used to prepare all the solutions, making use of 50 mL of water for each test.
Preparation and Characterization of the SS as Adsorbent
The sunflowers stalk (SS) used in this study was obtained in the local market of . The surface morphology of GP porosity was determined by using scanning electron microscopy (SEM) on the Hitachi Tabletop Microscope TM3030. The acidity and total basicity of the sunflower stem were determined by the Boehm method [23] .
Study of Adsorption in Discontinuous Mode (Batch)
In order to perform the adsorption study, a central composite design type experiment was used and analyzed, evaluating the concentration variables between 50 and 100 ppm and temperature between 25˚C and 40˚C; the following fixed variables were established for the experiments, which were carried out by adding a fixed amount of SS (0.25 g) to a series of 100 ml beakers with 50 ml of diluted solutions (50 -100 mg/L) for each one of the dyes AR 114 and BB 3. 
Balance Study
It is from the analysis of results and the determination of the optimum point for the variables and conditions that have been established in the adsorption study in discontinuous mode, that the equilibrium study was performed. The amount of remaining dye from the adsorption at equilibrium q e (mg/g) is calculated from the following equation:
where C o is the initial concentration of the liquid phase and C e (mg/L) is the concentration of the liquid phase in equilibrium, V (L) is the volume of the solution and W (g) is the mass of the adsorbent that was used.
The adsorption isotherm indicates how the adsorbate molecules are distributed between the liquid phase and the solid phase when the adsorption process reaches a state of equilibrium. The analysis of the isothermal data by equipping them for different isothermal models is an important step in finding the appropriate model that can be used for the objective design [24] . The isotherm data were fitted to the Langmuir and Freundlich isotherms.
The Langmuir isotherm is represented by the following linearized equation: ) is the capacity of adsorption or capture of ions by the adsorbent, C e is the concentration of sorbate in the solution when the equilibrium is reached, K f is the biosorption capacity expressed in meq•g −1 and 1/n is the biosorption intensity.
Kinetic Study
The procedure for the kinetic test is basically identical to the procedure for the equilibrium tests. The aqueous samples were taken at pre-set time intervals (1 min -120 min) and the dye concentrations were similarly measured. The amount of adsorption at t time in (mg/g) was calculated by using the following equation:
The kinetic behavior of the adsorption process for the dyes AR 114 and BB 3 was analyzed by the use of the pseudo-first order, pseudo-second order, and intra-particle diffusion models [25] . The linear form of the pseudo-first order equation is given by: 
where q t are the amounts of dye that are adsorbed on adsorbent at various times t (mg/g), k 1 is the velocity constant of the kinetic first order pseudo-equilibrium
), t is the contact time (min), k 2 is the equilibrium velocity constant of the pseudo-second order kinetics (g/(mg•min)), k p is the intraparticle diffusion velocity constant (mg/(g•mín 1/2 )) and C (mg/g) is a constant.
Results and Discussion
Characterization of the SS as an Adsorbent
The textural characterization by BET for the sunflower stem was in specific area (m 2 /g) of 7170, the volume of pores of (cm /g), which limits the intraparticle adsorption. According to the literature, the pore diameter for SS is classified as mesopores (2 < pore diameter < 50 nm) [26] . The Fourier transform infrared spectroscopy (FTIR) that is shown in Figure 1 , where the spectrum illustrates a series of absorption peaks that also evidence the complex character of the material that is being examined. The FTIR analysis indicates vibration of the O-H bond originating from the lignin at 3330 cm ). On the other hand, the zero-charge point for the biosorbent presented a valu e of 5.4; in other words, the material is slightly acidic so that it can accept or yield protons, and it has the ability to adsorb dyes of the acid or basic type.
Effects of the Initial Concentration of Dye and Temperature
According to the analysis of results of the design of experiments, the graphs of surface that determine the behavior of the dyes under the conditions previously established are presented below. 
Balance Study
The statistical analysis of the adjustment of the experimental data showed a higher degree of correlation with the Freundlich isotherm in both dyes; as it can be seen in Table 3 .
This indicates that the adsorption of the dyes is presented in adsorbent monolayers, where the surface of the adsorbent is energetically heterogeneous [27] , in which the mass of the solute adsorbed on the adsorbent continues to increase when the concentration of the solute in the equilibrium is elevated, and does not become asymptotic at high concentrations. The Freundlich isotherms generated for the dyes AR 114 and BB 3 are presented in Figure 5 and Figure 6. 
Kinetic Study
The results for the adjustment of the experimental data to the three kinetic models are presented in Table 4 .
From the values above, it can be observed that the highest degree of correlation is presented for a pseudo-second order kinetics, for the two dyestuffs object of study (Figure 7) , which allows to establish that the adsorption velocity will be favored by high values of the variable of concentration, which in turn was favored by the mass transfer [28] . Journal of Water Resource and Protection According to Bhatnagar [29] , in the case of agricultural waste materials without prior treatment generally they have a maximum capacity of "qmax", which varies from 1.6 mg/g (coconut marrow) to 68.03 mg/g (peanut shell) in the removal of acid or basic dyes, in the present paper, the maximum adsorption Journal of Water Resource and Protection capacity for the Red Acid 114 dye is 9936 mg/g, and for the Basic Blue 3 dye is 4918 mg/g, which transforms the studied material into a potential adsorbent for these dyes.
Evaluation of Environmental Parameters
The software that was used for this purpose was the EPIWEB 4. Relationships (QSARs) [30] . Some properties that are relevant to the research are shown in Table 5 .
According to the evaluation of the environmental performance, the dyes that were studied have low rates of degradation in liquid phase and a high fixation in soils, which highlights the importance and the relevance of the use of the adsorption as a treatment method for water that has been contaminated by dyes.
Conclusions
The characterization of the adsorbent was found predominance of acid sites 1. The adsorbents used in this research are useful for the colorants removal and future investigations will be developed in pilot scale and preparing activated carbon from sunflower stem with functionalizing the carbonaceous material obtained
